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Foreword- T. N
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. .

The problems of evaluati,énew cu'rriculum niatexia-ls such as ..

g ] : N

thosé produced by UICSM are manifold and not easy to solve, A pri-~,

én

1

mary obJectlve which UICSM set for itself when it was “organized in

1951 was to r.mprove the le'arnlng of the skills and facts comprising

. £

the college preparatory sequence found,in most hlgh ‘sghools at that
time. In.trying to achiéVe this objective, UICSM mdde major changeé

. - -
in pedagogy and major, changes in content especially with respect to
logical organization. _Teaching-bybdiscove'ry replaced teaching-by-

L} 'P

telling in order to build interest and to tap the creative ‘talents of

stﬁdents. We maintained very high standargs of precision of language
in our ins-tr‘ucti(jnal mathials. In order to achieve the understanding
which intellectual 1ntegz{1ty demands as ay"erequlslte to the acqulsltmn
‘of skll?.q\;e 1ntroduced thexlot{on.of a deductlve 6rgan12at10n of elemen-—

Y

tary algebra. Thus students derived'the theorqms which ju*st,ified the
—usual manipulation\rules and they became aware of the logical connec-

+ tions a'mong the manl%llatlon rules [e.g., the rules for combmmg like

. Mmonomials and the rule\for comblmng llke radlcals are loglcal_ conse-

L)
‘

queneces of the sarne pr1nc1ple] Topics from the elementary theory of -

b

. sets were ;ntroduced to give students 1n51ghts into \fzhat made the

mechanlcal procedures work when they solved equatlons and 1nequat10ns

- ~ R

or when they sblved‘systems of equations by graphmg. Thus ‘UICSM

. 3

students had the opportunlty not only to acqu1re the skills and knowledge :

-

.\expected from the “tra,dltlonal’ cur r1cu).1m but algo,to learn mathemat-

a “

1.cal ideas and tech;uqhes which were not prowded for in school

{ . ( L
- f-\/ ?" « )

fe *

-
- . .

-
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snathematics g -érdﬂl’ﬁ prior to UICSM, [ In addifion,.as we were told

- y - . ‘.

by cpoperatiag tgachers in experimental clasges and as we observed on .

. . ¢ ‘ ®
B *

our visits to these classrooms,

bl

UI‘CSM Students, were routinely .deveiop-'

1 A}
-

ing 1n519,ntb into 'r*mtnenrmtn_s‘l and attltudes towa rd new pr)oblems whlch :

1} *

0
)

-

bl
wele dCClU.ll ed by ouly the best” students in the best of traditional classes

1

-
.

* and which % mathémutics edgcators have professed'to be among the mos’c

D
- 4

. Yignificant outcomes ofeinstruction.
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wmc}x we zppeared to accomplish almost as by-products.

Al

s

A

In ghe early

¢ -

FIER 4

years ot our work  we wirc able to look only-at the prlmary ob_]ec’clve in

. s d N - _ ‘. . . A
. the tiamec"to~develop objective tests for rr(aklng comparative studies with

‘e

. _ .
Any comprehensive evaluation program should consider both the pri-

.Nat;‘.ra}rly, it was not stsiBle to’'make compara-

h respcect fo new content, and we had neltner the sk111 noxrs’

*

‘ 4

ma .y sklll:}-and 'knowled:,,e objective wh1ch is common to both .our program

adit ‘e,na.l one, and the ra’che;r astounding Secondary obj'e’qtives\_

omparative studies of UICSM students and students trained in the

4

Ny

AY

respebt to the dc:v_élopment oi 1nsi’ght and créativity in <a’ctacking new prob-

' Y

LA}

What “ve could do and what we did, was to collect data on students’
’ t

lems,

Achicvement as myasured by standardized algebra and geometry tests
-y - . .

r

which were designed for the pre-1950 traditional curriculum. We dé not

-

L . . . .
tests have provided us with a complete description of
1 ) ¢ .

prgiend that these

y .
stude}'xts’ achzévcmegt, and we recognize {bhat the language u\se& in
- o 4

. v o .

our

'] L] P )

A ©

¢, many of the itéms on these tests was §omewhat unfamiliar to our' students,

l

'\Tevﬂrfhelesrhwe were willing to yse the test results as a rough guide in

~ . .

" réviging our mbtrucumnal materla\ls.

A

N
4

The study reported below is the

ed based on'an analysis of the data,collec!:ed by means

s

>
- . '

first we have publls
. -, / ‘. " >
.0f such tests, /| ‘L
'.:

¥,

te
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The res#lis g‘lthe analysis -are\ﬁot as satisfactory as \xje' ntight have

hoped AchleVement by students 1n our pllot and part1c1pat1ng schools

[ 5 *

 Was not unif@rmly high. . These results are in"accord 'wﬁ‘ithe subJectfve

)
'
«

£ - < - » R
preliminary findings persuaded us to,revise our instructional materials
Al N < . . >

2
i

\ reports,we have reeelved from-teachers and'with very rcugh a._nalyses' .

¢, . . . p N
which we carried out some “years ago as the data were collected,. These

.

for our advanced units in the direction of including nfany review sections

== of rni.scellaneo'us manipulative exercisess’ The present study will be

useful to the extent that the objec\tives measured by the tests are valid

: in our continuing curriculum development work., - kS

H

i
’ .

Pl

‘The report which follows is the first to be produceci by the newly-

F
, . *

organiZed research seetion of UICSM, It is directed to a varied audience~-

research workers in mathematlcg educatlon, teachers, admlmstrato;s

-

and others who have been 1nterested in’ UICSM ~Such var1ety posed a,

problem for the';authors. Professors 'I"atsuoka and Easley have felt
. . r A A )

+ obliged to féclude’su.fﬁcient details of thé statistical analysis to a‘nsbver'- .

-

the research 4workers' questions but, at the same time, ‘did not wish to

»’

/ .
qverwhelm the'nonstatistically oriented ‘reader. 'I’hey have, consequently,

’

-

employed the

-

2

Ve

~and clbser spacmg, s0 th%‘t the- general reader may sklp these if he w1shes

device wof setting off the fechnlcal s‘ectlons w1th w1der\marg1ns

\{

They have a.lsQ provided an abstract for those who w1sh a br1ef resume

A
’ o L)

Our research section, under.the direction of Professor Easley,

L]

LY * . \

predently engaged in further analysis of available data, in collecting new

¢

. , "y‘ ‘-.‘ [ L
data for studies underway, and ié3 esigning further studies related to the ..

.

M r ’
' -, 24 . R . i - .

feaching and iearz’;ing of matherqaiti.’c"e. These research a\cti‘i:es will play

0oy, \ ' - il
an ‘impprtant rosle in the developme‘nt of qeyurrlr.ulum materials which
' ’ A ‘: . * ! - M
_is the prlma'ry job of UIGSM. : . AP . ,
. . T \k Lo Max Beberman ) . ’
et T Director, UICSM - . s
t s T R ‘
eranaL Illanls _ .o 0o - ' v
September 1, 1963 - ' ‘ . L
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,.Comparison of UICSM vs, ‘*Traditional’’ Algebra Classes

R Z ’ e "on Coop Algebra Test Scoresl . . ’ :
‘ * . » ‘o' . ., ..
¢ ‘\‘Q B »> . . .\
v L y - J ) . -

y 7/ Maurice M, Patsuoka and kP A Easley, J'r.2

'
. * «* . * .
L d &
- -, .

. . . . ' N - - N “".
This report describes the ré&sults of an evalua?i‘.}n study . Co
‘Jnvolving approximately 1700 UICSM and nearly 700 non-

. . UICSil\falgebra students. ‘The former are designated the
. ' experimental’’ sample and the latfer the ‘‘control’’ sample, :
, The experimental sample was-broken down into six groups- de~,
» : ‘pendifg on grade (8th or "9th), version of UICSM First Course"’
text used (1958 or 1959), and duration of study prior to testing.
) Achievement irt algebra was measyred by the Cooper- .
. atiVe Algebra Test (Elementary), Forms T, X, and Y. The | .
: « analysis of co_variance. was Used in comparing group means
" ©°  onthis test, with adjustments for inéqualities between groups ¢
on the Differential Aptitude Tests of Numerical Reasoning * -
‘and of Verbal Ability, _—
With these adjustments, the experimental sample as a.
whole showed significantly greater achievement'than the con~
trol sample.. This was also true of four of the six experi-
- mental groups taken separately. : _ , .
+ The adjusted Coop Algebra means of the other two groups
were not significantly different from that ‘of the ¢ontrol sample.
Possible reasons for these results are discussed in the report.

.
~ - f

'~ X o, . , Abstract s

'

( p
-

Descriptiorr of Samples Tested in the Study

N

The, expérimae'ntal sample comprised 1, 705 students in }75 eighth~ and
ninth-grade classes taking the UICSM First Course (Units I-1V) during the'

+ 1958259 and 1959-60"schoo} years. They fall 1n the upper tWO‘-third.B of

the college prepar.at")ry students in 38 schools scattered throughout the

.country. The samnles were rot arrived at by stratified‘sampling but. by
4

,I'Most,of'the' data used in this paper we re 'opiginally ol;fained and sabjected <
to a diffé'rent type of analysis by O, Robert Brown, Jr,'in an unpublished’
report of the same title,. <L s

3

t

Z'Fhe author's are especially indebted to Judy Boyle for i:o-mpiling the data and -
. assisting in the calculations ard to Eleanor McCoy for compiling a ligt of 4 .
‘ cham%es made in the latest ve rsion of the UICSM first course text, We are
also.indebted to Robert Kansky for a number of helpful comments on the Mé.

.
.
. Y X S
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histor.ieal.accide'nt, from schools which volunteered to try the UICSM mate-
O . . . " e .

.

rials. . (Due to this fact, it was necessary to introduce statistical c'ontrols, v
r's 9 ° +
i
as described in the section on ‘‘Statistical Analysis.’ ) Th1s sample was

Lo
-

’, divided into six groups (designated by El‘, E,, E,} E4, E5, and Eg) de-
pend1ng on the grade, the school year in wh1ch the UICSM F1rst Course was
talqen, and the tlme of testing. Groups EZ and E3 contained 25% of the “
UICSM students starting First Course in September, 1958 and the other

,  four re'presented 43% of the.studehts startihg in September, 1959. g “ e
The;part1cula‘r year (1958-59 or 1959-60) 'in which the course was .
. taken is [important because the UICSM mater1al bublished and f1rst used
: in the fall of 1959 was the result of d revision which, it w#.s hoped,” would<._
a impro;re studen; performance on standard high school 'algebra'. tests. While .

»

earlier versians of the UICSM_texts had concentrated primarily on making

_ ideas clear, the 1959 revisions reflected t'hlL z}ealization that clarity of con="—— .
cept development was not enough to ensure that concepts are retained by Y
. : "4 . .

{

students in a useful form. Although further improvement of clarity of cdn>'

[ '. . ‘ , [ ; . . p

' cepts was not avoide‘d in making these revisions, the principal purpose for T
< N .

- the revisions was to proyide increased practice in u$1ng mathemaucal ideas.

The diversity of ways in which opportun1t1es for practhe were increased i
g .
in the 1959 versions of Units I-III exemphhed by the new top1cs and treat-
W g . , N ’ 3 T s .
ments br1ef1y described below. . . , .
.8 . -

In Unit I, the explanation of dnd the exercisesyn the grouping con-’
. ‘ o o n

' ventions were cons1derably expanded, and thé term unabbreV1at1ng was r

mtrodu'ced'to refer to the procedure of puttlng om1tted symbols back into
‘ ‘ an expression. The treatment of some of_,tbe principles and concepts .
( reiating éo real numbers was ‘made*more explicit, and more: exercises: ‘

were included which involved the use and recognition of basic principles

e

o ‘ for real numbers. , In-'Unjt II, the treatment of simpliffication problems

3 . .
: 6] ‘
.




¥

‘ - : . ,
mvolvmg d1v1s\10n was con51dera141y ¢xpanded and the total number of suéple— s

menta,ry exercises was approximately doubled. JI‘he Levyg exerc1ses\wer¢;
. Y N N "

mainly concerned with progofs and simplification problems" involving divi-
i\ . Rl
. “

sion-~in contrast to the old supplernéntélryfexer’cises (still reté.inéd) which

M -

;concerned only substitution and algebra:ic sii’hﬁlifi’é'atioh. In°Unit III, the
« - . 4 * - €

-—— . e
————

: véﬁplication of uniqueness and ca.ncellaltion princigles to t}{e solution of'linear
. < .
quations and ‘‘inequations, ’’ quadratic equatlons and square,roots rece1ved
L . R - e
a\tnore-detailed treatment. . L
e . i g . B '
Quahtahvply, teacher@and wrilers were satlsfled that these €1§anges
.‘ Q\ N . - ' ]
would promoie an increajed mastery of algebraic skills by the pupils. It
\ k‘ 4 , ? .

»

-» ] »
is most interesting, therefore, to inguire whethér students wsing the new

-
s

. ) ¥ .z
he time of testing for achievement in the experimental sample was

-

. )

study of nit’4 at the time of testing. These students wére afia disadvan-
’ . t

tage in t a.t the criterion tests (described 1ater) 1nc11}d»ed items on exponents

and on gd metrical apphcatlons of axgebra——toplcs wh1g:h were not covered

in Units 173.\9{heri classes were tested upon completion of Umt\&;—whmh
_ genera:lly ﬁook place some time &uring the filll, of the school'year following

/
the one m Wwhich they had begun the course. The distribution“of tlmes of
£ - \ . -

"testmg of the various classes is mdxcat;e&raphlca.ﬂy in Figure 1, which

"also_shows 'the size of the groups ihto whrch the exp\o’rlmental and conﬁ-ol

# ‘ v

samples we§re dlvaded. - N .. ’ .
(&9 ] Y ' )

N g . . B -~ [
" ' Note t&nat the year and month in which each group began its algebra .
=T .

course is u)lilcated by’ the,p081tlon of the left bolrder' of its block along the
P g ! ) ‘ 8 - . ’ |

4 4 1’ e . - "
i

(¥



-~

\ A Ty -
FR— .'i * ‘\? 7 L v \ ‘ ‘ &
ANECANEERERERRE R R -
‘/c,. N=5!% . i -
_ il
T 1L A L ’ | “
§ N EIE *
. . . T
| EELERE REREE
‘é...‘;oc\ln'*;a«gg‘a;guén'»':'»‘é’:.é;;déd;
ﬁmT,o 228 hl-q 33 s 828 gﬁ;,.—:@;g%x § 328w s
| o
IR VTS ;
ey ! ) ! Lo
SERRRRRRRRNES N i1~
S , |
§;\ \::\\ \‘\ \_\‘\! l ;
I 4 o N= NN .
P ~ | HERE .

[ i' N
) N5 o 382

RN

%
. Lo
, R
. !

!

|
Pt
o Y, \
| l,,;\\

i

i

EEETEES |

-
anu*e I o

-y,

* Block diagram shqwwg the grou]ta into which-the control and experimental

ERIC
v E— "E » i
A )

_samples were divided.
‘which that group began its course.

dge of each block indicates the time at
'The distribution of times of testing
for :these groups is indicated by the right hand boundaries of the blocks.
' N P : Y RV .

The left



. . i ] . . ' ) . * .
time®lale scparating the blocks representing the control and experiimental

-
- ~

groups; The ight-‘fxand border indicates the ‘time Jof teét?ng with the Coop

) Algei)ra Test. For tho&,e group’s w}uch_ contaxned classes that varled in

’
.

v ECY

timer of testmg, the righs- hand border,is made step-wise to 1nd1cate the

variations. The helghts of thesé stegg a‘re drawn rou%bly proport1onal .
“to the number of students test’ed in each’t1me perlod, fhe total helght of ) Y
, "each block is proportional to the group size- £ , ' . ..
The breaxdov»;n of the expe‘r;mental sample 1nto six gron.:ps, in accord- , g
' ance w1'th the charac_ter;st;c_s, Jcbiescrlged above, is summarized id the upper.
. . . v
-~ . . . -

-

"porti;m of Table 1, below: o g

2 -

¢ /o=

. . ’ ’ . . . ~. o *
Table 1. Subdivisions 'of experimental and contr'ol samples .
N » ., . " /
into seveq*al groupsvbased on some relevant features. ’ .
. ' Year Course K - L
Was ot '
r- Group’ Grade Begun: Time of Testing . N
E, 8 1959 May '60-Mar "61 226
o~ " , '
K "% 'E, 9° 1948 + May 59 118
-7 ) Lo o
‘S E, 9 1958 « Sept = Deg 59 -. #- 270 .
— s , . . .
gl E,. 9 1959 " May'’ 60 574 S
[ - ’ » " N ..
£ Eg 9 1959 Nov - Dec '60 ! 382
Y 4 . ‘
ol | . . , . L.
g E, 9 1959 "\ Jan'ed .7 135
® .
< 1958 L ' '
o Cl ? 9 . ’ May 59. ‘ 515_‘
el - ) v . . t =
£g| C2 - 9, 1959 May '60 *© . g8161
3 r
Ow
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The ¢ mxtzul s(}mp]e < umm'r-s(,d 'tﬂ% )tudents m 26 mnth-‘grade classés ' q
ra couxé/es dnyrmg 1960 69 'and 1959 60 in schodls

.-c .“

-

aking “‘conve nll(mul «ﬂ\ng
' ,~'\ ) .
fhe LOntz.ol classes were from 11

w In(.h also h.ui \UI(,SL\«} 5'1:14ses
{;(trhple ahd 10 othe rs,
la : .

A . "\u“
‘LllO()]b repa (‘b(’“t(‘(l in t 10 L“q){:}l xb\(}ntﬂ"i
’.\/’
us1m, ULCSM text' we re cncuux,wvd to set up both experimental and control .
classces, .but m,wy were umt’blc Lo dovso or fd.llcd)t() administer all® ‘Lhe testy, ) o
t‘\ /M - . . . .

vi
¢ .
%

d
This <dmpLe was dwxded 1'nto only 1wo groups 'agishown insthe lower portion
‘
(Cp: the 1958-59 cléi,sses; ,C the 1959 60 classes) ~ Further
v i - .
. s

of -Table 1, 'k
bubdwxs,mn wa¥ unhe CesSary bgga.u\sb unltke those'm the experlmental ‘

<

classes, ar,td all

. oE thth That is, all cdntrol class%‘er'c gth-grade
o' =

_sample,’ the control classos were umform w1tH respect to grade and time’
were testeddt the end of 1P1,e school year 1n whichhey h,ad their first-

al;_,bbra cour ws
. . * - r ... . v )
“
. . (PRI
.
- . 4 L
¥

Test Data Used’ .
arzable in téxms of Wwhich intergroup comparlsons

riterion variable
.-

' ) The cr
were madc was the (*oopmauve ]’“lement/erry Algebra Tcst (Forms T, X,

g and Y), pubh.shed by the Edu’c—auonal \Tﬁm Scrv:ca. This test empha-

q
sizes cumputauonal 51{1115,~ and_ th(.e prov ides an‘ ac1d test“' for UICSM-
N L

.
.

trained stud‘“nts—-espc( 1a11y for those who were taught wlth material prmr
I‘ « N .‘ i ” » ’ ‘ .

v ]
e CQQp Algebra Test scores

. ‘"he 1959 rcv1smn.
' 5 standard deviatio _
- A

~ The.méans an
: 5
for the e‘:pcr;me‘p}al and control samples, ‘as'well
< % .
It is seen that th experimental*

’

Ve

s .« .
of) 'had a h1gher mean :

i groups, are shown in T able 2 _below.
(UICSM) sample’.ab a whole (and eac.h subgroup there
= The Asuperior

o
.
.

* ot ‘.I -
score than either of the e®htrol (*° convenhon‘ai ') subgroups.
however, be partly attri-
co A [N

' ’ ‘ v 4 - .
«performance of JICSM-trained students must
they represented the upperitwo-thirds’ of

1

buted uO the' SLle(‘tlon {(.ctur.

L]
;tg
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; Table 2. .Mears ar;d' Standard ?évxations of the Coop“A]gebra Tests, . >
. 8 - "
s 2 -DAT VR ~and DAT- NA for the &xperimental and contrel o
- - sa,rﬁpleé and the several subgroups theréof. (Also Shown,;'/ .‘ '
v are the'.c‘oeffi‘cie'nts( of multiple Cpr;‘;alation of Coop ' - b
s _  Algebraon the two DAT.subscores.) v .
o ' 0; T 1 "U" - ¥
B o ota .
- Bxperimental | =1 # E2E3E4Eg Eg . :
4 - . ' : 4 .
TEST - -~ 'Mean S.D.’ Mean _ S.D. Mean L
) —, —, — ) 5 . .
, Coop Algebra  63.37 ,10.19 66.89 10. 03, 62,83 10.10 66.58 7.94 .t
. 3 N ‘ 4 ) ' . -« : . .
. DAT-VR - - f\ﬁ{ 98 . 8.11 27.39 7. 6l 26.92 8. 18 28.42 17.51 <!
DAT-NA 24.62 7.19 23,72 ° 7.90 24.76  6.98 .26.14 5.62
Miltiple r . 645 . .670 © ° .653 ©o602 ‘
" Ea E4. @:5 o Ee, C
TEST \\Meﬁb@'&hﬂb‘ Mean :g. . Mean‘ 5.D. Mehn S.D, ’ )
zCoop Algebra 63 72't f3.48 ‘59,57 11. 22 " 65.83 8. é;} ) 63 is .9.50 2N
DAT*VR, f 28 57 " ‘7'86 24,22 8. 3%1 " 28.62 7.68;\ 2?2‘5’ \7.02
. . ST : )
DAT-NA 25.(59 " 668 22, % - 7.66 ,26.04 6.39 25.76° 5.51 )
"Multiple r - 660 .-9 671 Cs21 T L649 .
- STl e & ol PP
, Comtrol . 1 2 . — SR A
TEST* Mean S.D. Mean - S.D. Mean S.D.° o
Cobp Algebra_ , 58.2 26 11.09 58:77 H. 33 - 56. 65, 10,11 - -
“a - 5 ~ a &
*DAT-VR, 23.63 Xz 23.4b 8. 23 24. 19 7. 27, o N
DAT-NA * 8- 21 26 7.20 21 66 7.38 23.09° 6 48 N e
'Multiple r R ¢ R T VS B R .
The rorms for thi's tess, based on-15, 000 students 1n 130 schools, show a - .
mean of ,5?_ 9 w1th a standard deviation of 9.6.s i X
' , [ > ‘ - ’ * o ‘N
. - Y . p 3
" ' 4 b J.\j ’ .
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the college preparatory students in each school as ment1oned earher. On

the otner hand, the control sa.mple was f\ormed from algeBra classes for

whzlob*the adm1ssfmequ1remeﬁts were generally not ‘so stringent.,

1

'E’Qrder to make adJ}lstments for the 1nequa11ty 1n "scholast1c ab1l1ty '
- 3
b ween the exper1mental and gontrol samples, the D1fferent:,a1 Aptztude

Test Battery (DAT) results for all 1nd1v1duals in our sample were employed

. w,

]
‘This battery had been admm1stered prior to the students’- tak1ng the;r alge-

& »
- - - s

Spe c1f1cally,

1>

A .

bra courses, UICSM or ‘*conventional’, as the case may be.’

E 3 . [4
.

I 4 < .
the scores on the two subtests~~Verbal Reasoning (VR) and Numerical T

«

‘Ability {NA).-- of the‘DA‘I“were used a& statistical control variables as

<

v described in the next section.

e

-

The means and §tandard deV1at1ons of

DAT V.R and DAT-NA {for the various groups are shown in Table 2.

+

-As to

T sﬂ‘xn%}es But the ofﬂ{g{neasure avallable for assessing ‘‘teacher compe- ’

be expected, the exper mental groups havé higher means than the control

groups. SN ‘ o

- v \ .
“Iteis recognized. that e?agtiSt’ments for DAT-VR and DAT-NA scores

are probably 1nsuff1c:¢ent to cornpensate for all the relevant but uncontrolled

1nequa11t1es e:gstmg between expern‘nental and control samples.
= : ’.

For

- ¢

instance, the “teacher variable'*

vt

is quite likely to be a significant™factor

gontnbutmg to the dlfference in algebra1c achievement b*gtween the two

. te%ce was the very €rude one of the nurhber of years of experlence, Zhd .
L «

1t was -decided that l1ttle w.ould be ga1ned by making ad_}ustments for thm\ﬁ/
variable. The adJustments whlch we made, therefore, probably repre-
- sent the most that c’ould be done within the ljmits of available data.

. . - Some 1nd1cat1on of the’ extent to whmh_/these adjust- .
ments were efféctwe can be ga1ned by examining the magni-
tudes of the coeff1c1e;1ts of multiple correlation of Coop Algebra

scores on the two DAT subscores.

] . .}‘- ‘1

These xanged from about

P
Y

.
° -,




. . . .

. - E . - -
. .

+

4 " .53 to . A2, dependmg on the part1cu1ar group, as-shown 1n AN
_Table 2. Thus, it can’be argued that the two DAT scores , RN
accounted for fyom 30 to 50 percent of the variance in the

) Coop scores. :.\ PR . : .

- v ! * ‘ N ‘V
. . . " ; . C "
Stat‘istiiial Analysis -~ . e .

@ . . . . .
g - . . - . .

. The statistical technique used for making a majority of the intergroup

r -

comparisons described below was the standard analysis of covariance, ' .
4 .

. ?® . s . , .,

. This technique amounts to making an estimate of what the Coop Algebra

mean of each group under comparison would have been if the DAT-VR and

L

DAT~NA means'had each been equal for the several groups, and then
e

(-3

. - f
- L%
.

bra @eans . ~

 ¢ance then exactly parallels that for the udual analysig of , . . -, ' ’

* variance. That is, the rat:o of the adjusted betwaen—groups

. ~ jyean- square to the adJusted within- groups mean “square is
used a5 an F-ratio. - If the value of this rat1o exceeds a criti-~
cal value, the adjusted Coop Algebra means are judged to be ' T

significantly different from each other. R o

-
- . - ’

. . ’ .
. ., In this manner, comparisons were made between the experimental
] . . - !

sample as a whole and tHe, control sample as a whole; between groups Ez

W

thz‘:ougﬁ E() {9th gfade cla;se,s in experimental sample) and the control .

sample; and‘so forth. Each coz:hparison' was ::lqsig'ned to test the effect of . .

some particular variable or combination of viriables on whigh the contrasted
- N ) L

g;oups‘&iffered systematically.. -, R X oo
.« . B ' ." . - *

Experimenta.l Sample vs. Control Sample' _The analysis~of-variance .

table for the adJnst‘éd sum- of-squares (S S. ) in this compa.rJ.SOhg's shown

A .

in Table 3, as are the ad;usted_ means.
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N S . - . A, Y ’ N o e f
T Table 37 Adjusted analysis”o[lva ce table for comyaring,
- ? . s M \. . .

. , N P
[ * & ’ - ! - . . - « i

v .+ .experimental group ant}-}tontrol group Ts{ample Coop

- : LI
. N L. .
T

>
o
1. N B . )

2

» * ¢

Source '“Acijxisted 5.5. mn.d.f. AdJusted Mean-Square F=-ratio

. . 5 -, R . .
3 ‘{M; . ) - . *' A

Between-groups | 1944.83 N 1944 83", . 31.19

Within-groups . 148214.00 2377 -~ .* 62. 35 <
Total B o -2378 . ces s .
T e S .
/ - Vo '
‘ : ’ . Group E. ' = 62.50 -
Adjusted ‘Coop Algebra means a . " ..
4 . £ j . ‘_u;. oup (¢ =% 60. 45 . ‘P..< . 001
. . . : Q

Ve

A
LS

tQtal

A - L
\

- «
* -

- . . \' -
4 kS
~ The resulting, F-ratio (31. 19) indicates that the adjusted Coop Algebra

T e . s !

: ' means for the two samples are sxgmflcantly d1f£erent at the . 001 level, the
N {

d1rect10n of th\e difference belng in favor of, the exper:mental (UICSIVI)
. . ?; [ 4 3
§amp1e 1 should be noted that the adJustments for 1nequa11t1es on the two

. . » s
DAT }neans have lowered the expe1 1rqental sample s Coop Algebra mean

.

fr,om 63. 37 (cf.; Tablé 2) to 62. 50, and ra1sed the corresponding control-

>

sample mean from 58. 26 (cf. Table 2) to 60. 45 Thls is the way in which
. . ,.' N
- . the ana1y51s of covariance methgd operates in order, at least partly, to’ -

e -

’compensate for group 1nequa11t1e’s on related variables. '* .., e M

ﬁ B We may thus. conclude that the UICSM samtle as a whole showed a = &=

: ~ ““\. ?

.. significantly higher algebra achlevex}nent (as measured by the Cooperat:.ve AP
-Elementary Algebfra Test) than did, the conventlonal" algebra.sample as a /< . ’
<,
-5 whole~-even when due cox;npensatlons are made for the fact th‘at“ the former
. N \’ 4 -

“was saperior fo the latter 1n,-genera.l agademlc ability as mea:}ured by the.’

DAT Verbal Reasoning and Numerical Ability gcores. ) )

. »
. E hd - . .
* < 2 ¥ . .
Y = ' . . = o ) ':/ A .
o o de T g
. hadi]
- » . -
= . . . ;

-
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In view ofvthe"fact (cf. "I}able 2)

Ty 1. . 1;' 3 N )
Croup El vs. Groups E@....é)'

that the 8th~grade experimental classes tgroup E ) scored ‘considerably

A ¢

h1gher on the Coop than d1d the 9th grade experimental ¢lasses

= .

(grgups E(Z _6) Y, it is pertment to 1nqu1re whether the means for these

P

two sub-‘samples are s1gn1f1cant1y d1fferent . For if so, there arlses the

poss1b1l1ty that the superlorxty, seen above, of the eXpenmental sample

7y Y

is attributable to just the 8th- g,rade seoment, which constitutes about 13%

-

of the experimental sample. i . ‘ ‘ )

'
-

. The adjusted analys;s of - va.r:.anCe table for the exper1mental 8trx- Vs,

. 9th-grade compér}son is Shgwn in 'I‘able 4. The resulting F-ratio indicates

a s1gn1ncant dlfference in* f;.vor of the.e;cperimental 8th-grade classes:d”
Note that, in this case, the adgustments have widened

‘ the g‘;ap«"oetween the group means under comparison. Refer- |

exge Lo Table 2 shows that the 8th graders had a lower DAT~

NA mean than the 9th graders, although the DAT-VR mean of

the former was higher than that of the latter. Hence, the

adjustments fox the two p1:edi"ctors worked in oppoéite dir-

ections in this case, and the’ fact that thes8th- -grade mean was

raised f from'.66. 89 to 67. 33 wh11e that of the 9th graders-was

lowered-from 62.83 to 62.76 indicates the overriding effect

of the compensa‘cmn for unequal Numencal Ab111fy scores.

1

At any rate,, since the 8th- g,ra,de classes were found to be s1gmf1—-
N

cantly superwor to the*9th - grddegcpenmen,tal clisses on the- Coop Algebré.

Test, it is des1ra.b1e to inquire whet;'her or not the super1or1ty of the exper1~

. ,r’l

.."' mental to the control sample will continue to hold wh‘e'an t\he 8th—,érade

, .

-group is removed from the expez\xmental sample’

’
-1 . v .

= Experimental Ggou‘pvsAE(z 6) vs. Ceritrpl‘ Sample. That the¥®

answer to tHe question pesed above is in the affirmative tan be seen from

-

the results preSented in Table 6. The experimental sample ghows a
. : s . - »

o




'\‘S’i :‘-5 \ ot ' / ‘ ’ RN e
_ _‘-e‘:gv ! . "'],Z‘ 4 ’ \ , ) . Ce .
T ,31gn1f1cant1y h1gher overall performance on ,the Coop Algebra Tést than s
, ) “the control sample, even after the’ espec1a11y high~ scormg exper1rnenta1 -
“group (the 8th- grade classes} is removed from. con51deratlon ) . ; :
L4 =T . A
LN ' o ’
-~ +- Table‘d. .. - Adjusted’ analysrs of'var’iance tgblo for comparing Group El -
‘; Lt & ’&‘ Lo - ' L .. ’ Vs : R ‘(_" .
.- - + and Groups E( ¢) Means on Coop Algebra T
- . a ' b4 - . .o - - ; < - - = <
T Sodfce - ° Adjusted S.’S. -n.d.f. Adjusted Mean-Square Ferratio
4 °' ‘ PR . ,e- . ‘ ) ) ) ' %
. -Between-groyps . 2027.47 - w1 . 2?27/.47 B &.‘79 /
() - .' . _' = ' Y . . B i
. Within-groups - 99,082.24 1701 . .. 58.25 L
b4 . ~— . . ~ L .
v .. .- . : ¢ . - ]
. "I .  Total \ * 4702 .
A . - 8 - . . r . o ”
LT 'f ’ . Group El = 67.33 " s
" Adjusted Coop Algebra means o | ) P < ,001
‘ . “ . . ‘ N T Group E(Z - 6)= 62.76 . ¢ , . -
N , : MR X ot S I
- N Vi R ] -
. a“ ‘n‘. . - . LY » ‘ a ’ X ' - ) s ' &‘ “L_
. N v, :i \ N . N -
) o Table 5. Adjusted analyszs of varzance table for corﬁparmg ] .
L . 1
. K exper1mental groups E( . . 6) ‘and controlrsa'mple
! NI
% RS Ve ~ *  means .on Coop-Algebra : 4 °
o So'ufce' * Adjusted 5.5, n.d.f.  Adjusted Mean-Squate * F-ratio
- .- 7 ’ —— . . ’ -
v [ . . ) B L% -
BetWeerx grgups . 911.21 L 1 : ;‘9}-1*.\%1 14.90 | % ¢
- . : o - R K N .
s Wnthm—graups 4, 504,11 2151 ‘ 61.14 = e
- LI v T i ~ . * M
*Di‘:ﬁf Total * . t , Yo 2152 % I
. . R M " . . a
7 ‘ ' v H
X - Lt N \Groups E(Z , é) = 61,85
e, Aidjusted'goop Algebra means SRR LR ER P < ,001
. L SR , Gropg Ctot'al = 60 Ogtl
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Individual Experimental Groups vs. ’Cdntrol Samplee*"We now com -

N }

pa.re Qch\of the experlmental. %h-grade groups (EZ, E3, E4 and E; ),

turn, wmh the control sample. Qroup, .Eé w%not cons1dered because 1t ‘

a »

was’ both v?,ry small in size (N ; 135) and extreme in its de)layed, testmg

3

L4 . \

tirhe, as seen in Table 1 The resuly‘s o,f the four éompamsons are sum-
7 =

-rﬁarlzed in Table 6, show1ng ’that two of the experrrnerital groups (E and E,Q

1
.were foupd to be swmﬁcantly suoemor to the control sample WIule two

(}3_‘,'3 a.nd E ) werk not s1gn1fa.ca.ntfy dzﬁerent from ith B

e

%

S It should be"p'qmted ou}rthat, f‘o-r the cqmpa,r_moh {nvol- s

ving gnoup ES’ an unrestm;:ted lmear 'hyppthesls r‘nodel Loy

fusing separate group ré’gre’sszon“bverghts) was used ;nsteasd L

of the standard cpvar;anc.e a.n,alyérs ¢ ’* S 15 becahse the ..
A

equahty LGt ,sIopes COndlt‘l,m ererequls’ite to r.egular' covar;--‘"

ek,
© -
. - *

‘. 4o . . . .
. anc.e analys S, was”not satlsfl,ed’an thls case.. Ve 0 o i b t

R ’ ' : PN '
The two experlmental grﬁu.ps 't;haf failed xo ac'h:teve adJuﬂtécI Qoop-

=~ . .
Algebra megans Wthh were s1gm£1cant1y higher than that ofA:he control .
\ . RS ¢ . t 'j.‘ » C 3T e, "

sarnple apparently.dld. so,fd‘r tx{vo d“fﬁferen r'eason_s "'Group, E3 clams. i

2 &

,havmg taken thelr UICSN§ course prro \‘o th,e 1959 revlsmn of matertals, g

“ ;" 53 .‘
were at a. d1sadvantage as vnoted earher,»‘i‘nmbt haw,mg 'si:ﬁ&c:tent 'dnll m

., g‘q. Q*\

the mampulaﬁve "skills. Groug E 4 ot thes othe'Tr ,gxa,nd was tested befor‘e
LR < : ,
completlorf of Unit 4 aud 'hehce haci not; yét couer‘e’d some of/the tpp1c3,
" . . N ot ". o Ye s . Lt vor ‘
that were mcluded in the Goop test e L e LT

.
. » ., O
. .o . /: ’ .,. . |

-

, (A

Grouﬁ Eg was in the mosf advantageous pos1tloh of the four e;;pen- '

A

rpental groups" S{bese tlasses Were taught w1th th.e ,revz,sed mater1a.1, which
€= . '
[ /\
t
contained more exercises m cgmphtatlon, and “.‘hey were tested after

~

. o . Ly » . . .

-
N L] ’
ot L . S 1

- -

.
L] .

We are-indebted to Dr: 'F'ranljz Watson of the Qfﬁce of Instruct1onal Tele-
vision, University of .I'llmms,. for making available to us his program for a
carrying out this test ‘and 'to Mr.’ James "Hennes for its actual execi:thon
on the IBM 7090 computer . ’ e T
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- Adjusted Coop Algebra means

‘ ‘Adju%ted C ooi: Algél.n:a means

1 Group C fotal

..." t¢ ’ . O . Fi , \ '
[ . .
T N t ’ . 4 ) C o
™ b ' Lo IR
PR P .
g 2t \ 14 :,' L “. ’3‘"’5‘ . . . N X -,
i 3 “ p‘ . 4v . - ~“ S . . t '
; Ta.blle 6. Companfon of experlmcntal groups EZ, 3 E4, ES’, s N
* . . L r - Cos
. . each Wwith, control sample, gn, Coop A]gebra. means . ’.
O
KK " v o — - ¥ =
(a) .Gr.oup.Ea,vhs Group Ciotal - I o -
- \ . R . N .
_Source ' 'Adjusted.S.S. n.d.f.” Adjusted Mean-Square F-ratio
LT © . N -~ ’ ‘o, . - ,*.
:, Between-groups  1103.91. % 1 © . 1103.91 ., . }7.57
‘Within-groups, .  49639. 25 790 ¢ '62.83
& 4 Total | | - 291 et
> . ,"’ .t . ‘ ./ R -7 R
LB = —7 S
: ' 5 Group E, ' '=-62.41
. P <..001

' ;7 ' ) * b ’ (J"\
\/ - - i !
(b) Group E3 vs. Group Clotal » - v ‘ "
Source”’ ’ Adjusted S. S. ‘n«d.f. Adjusted Mean-Square F-ratio
= O v N < . P
. . o %
Bétween- roups 150.53 ‘1. " . 450.53 - 2.53
group /\ - . . '
Wlthm groups 56011 35 + ' 942 % 59.46 .
- { Y s . . ’ -
~ Total , o~/ 943 - R :
En. - . NI : ‘ ’
4 N . g . R v O N

,1' . ¥
~7 . . «Group'E3

n

o
(=]
3-8
(e}

R Group C* tota.l

i3
\ 4 . . *
» . i .
- ~
.
.
. \ - v
-
N . \ e hd
. .
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2
*~
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l::%mpletion of ¥nit 4. It would have been quite discouraging for UICSM if

- - . [ 4 4

> v . -~ . v
this group had not excelled over the control sample; but it did., N
,, /‘/ ? . . .

The sugcess of Group E, {which combimed the disadvantage of-being

taught' with pre-1959 material

f

ang{ of be'ing tested promiptly at the end of

‘the school féar), on the other hand, is rather remarkable. At least part
1 v . -

of this sudcéss must be attributed to the group's exceptional superiority in

. £l

general scholastic ability-~ag indicated by its being considerably above, the
. ) o . -
overall gxperimental-sample average on DAT-VR, and the highest of all

the groyps on DAT-NA (cf. TableEZI. But there is also other evid:ence.
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indicuting that morec than one of the classes in this group had highly comi~

‘petent teachcrs who successfully covered aliost the entire {irst'course in . |

v . . -

N ) Q- . ' . k' .
. ,one school year. This observation lends Support to the surmise that, given
p these favorable conditions, the UICSM magterial, cven without augmentation

of computational drill exercises, was aduf;uate in preparmg supenor stu-

.

- dents to cope with such conventionally or1ented ach1evement tests as the

Coop Algebra., , "
- K .

. \ o .
Experimental Groups vs. Control Group Cl' Prior to maf.king the

i

above comparisons between cach experimentdl group, in turn, with the

’ E il
entire control sample, we undertook to compare some, of the experimental
. groups with comtrol group Cl' This group has a somewhat higher mean
* Coop Algebra score (58.77) than the ‘'other control group (56. 65), and we,
. . 3 J

therefore, thought that comp‘arisons with group C1 would offer a more strin- v

gent test than comparisons ‘with the entire coritrol-sﬁmple.' However, an

obstacle was encountered to pursuing this plan,' which we &hali d‘esc'nibg o

below, and it was therefore deciided to usc the entire control sample as the =

basis of comparisons. - ’

!
The difficulty with using control,group C1 alone’ fQr. - ' ) -
comparisons stems from the fact that, the regressioh lilgne
Y ("oop Algebra on the two DAT subtests for thlS group were '
markedly non-parallel to thosc of most of the expemmental TS
g%ups Thus, the equality-of -slopes condition, mentioned 7 Co
"\ earlier, would not'be satisfied, and the standardwlysis of -
covariance method for comparing adJus"ted means uld not - C o
Ise applicable.’ There are two alternatlve procedures that A .
can be used in such cases, both, of which are based on an un- . -
, rebtrxcted linear hypothe51s model One of thesé procedures r

‘was used for the group E5 versus cgutrol sample comparison,
c1tc,d varher. The other is the Johnson™ Neygnan technique, c oo
wh1ch Lnables us to spemfy three regions in the cova iate

spac¢e (in this study the two—dlmensmndl space with DAT VR

'-.- )y .. — - =
Y ZZ. . e
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and DATL'\TA as the coordmate axes), *such that the .conclu - -
‘sion o o[e drawn depends on the region(s).in which the cen -~

' t‘roxds of the two groups under comparlson fall, If both '

2

"cen{:’rm s fall in, say,——-R—cglon A, we conclude that group A

9 centro1ds fall in Reg1on B, the reverse is true; . - -

. or both of the centrolds fall in the tﬁlrd reglom the

differe ce is not significant. * ' - - oo

fortunately, it appears that the two procedures may,

someti®s lead to conflicting results, a@ase at point being
the following conclusions, (1) apd (2) below, for the com-~- - L '
o parisgn between experimental group r_,3 and control group
,a% Clz . e ’
g ‘ Separate-group régressions: = ‘
- Difference between adjusted Coop means o= b 92
g - ~ .(in favor of group E3)
Standard error of difference : = 2.33
| t=2.97 (P < .0l AP ‘
- Tohnson-‘T\Ieymap technique'n'the C1 group centroid’
falls in the region favormg group E3, and. the E3 -

centroid falls in the region of non-51gn1f1cance. .
Thus, it seems t,hat, when the equality- of-slopes condi- .-

is not satisfied, we may not Be able to draw unequlvoca.l
clusions as we can when the standard covariance analysis
pplicable. When the entire control sample was cohsidered,

" thd regression plane was not significantly non~parallel to that )

‘of most of the eiperlmental groups. The single exception
' was the case of group E, alreaﬁy dlscusse?hd it should -

Johnson- . / ’

4

béd mentioned here that for this‘ comparison
Neyman technique led to the same conclusmn as th,}; from

the se}_iarate group regress1ons approach.

»

roup E, vs. Group E4‘;. Group Es“vs.. Group E. ‘The last two c‘om~-

-

parisdns to be reported are those betweeh pairs of groups in the éxperimental
4

Sa.r;lp eritself. Speclf,zcally, the purpose wasg to cqmpare the 1958 (pre-

“
s » -

revigionj and 195;9 (past- revxsxon) classes, holdmg relatlvely constant

i
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of the time of testing. ' Reference to

and E, (end*of-‘yea\i' testing)‘ and g‘r_oups,

o«

hS

14
(cnd—of—coué: testing) arc the appropria_.tespairs to compare. ~

Al

¥

!

N .
“’the arrgaﬁw}l‘ of th’ewcouz:sc‘l overed as
Table‘l shows that grgups E/.‘
E’3 and -ES‘
The results ére presented in Table 8. e
~ ~ "/ T . i ‘ i )
Table 8. Com’parzsons*yy{thm the Exp_e_rﬁimqm_a_‘Lngple'
- , ‘~(Nin/'n Grade Groups) o
i - " ¢ } -
(a) Group EZ vs. Group E, | - : .
Y R . . a
. Source Adjusted S.5. n.d.f.- Adjusted Mean*Square F-ratio ]
- Belween-groaps 1012.59 [ 1 " 11012.59 . 15,63 *y :
Within-groups 44,581.80 | 688 . $4.80 e
Total - . ‘) 689 . - )
’ . | . o /
: / : - - s .
- . . L Group E, = 63.49 . - - T .
Adjusted Coop Algebra meang TP < ,001
. : . / Group E(4 = 60.20 R . R ',,2
i - . . .
] y - « 3 ‘ . ) ) )
(b} Group E3 vs. Group B C
. ) . -
3 . . e )
] ® - | \ .
Source, Adjusted|S.S. n.d.f{. djusted Mean-Square F-ratio
. Betwecen-groups . ‘577.[/10 17 577110 RS § W 85:*
. . €~ Y ~ : . .
Within-groups 31,524,05 648 484 65 ¢
T’otai ‘ 649 —ie
«_ . * Py £
‘ . ‘ ., *
Group E3. = 63.21. u
Adjusted Coop Algebra means ’ P-< .01
s n Group E, = 65,75 :
“,":v “ N ot .l
Y 1‘ ~‘ ~ !
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It was already mentioned above that group EZ was an exceptionally
- . a 4 . B

> superior group. It is not surprising, therefore, that it éxcelled' over its

E

1959 counter- part, group Eyo despite the latter’s having been exposed to
) S, y
Y . .
a Targer, number of drill exertises. '

.

. . " On the other hand, of the twb,groupé which were tested hfter com-
> , . : .

pletion of the course, gxzoup I‘s (1959) was sighificant}:y superior to group
S v ’ » . -

E_ (1958) in achicvement. Thus’, we find at least tentative evidence that
3, — :

-
-

“ the 1959 revision was favorable to better preparing UICSM students to

4

achicve those skills that are stressed in conventional 'algebra courses.

. . . / . . -,
Sumrmary of Results ‘

- a . g
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Coe . Since many-different comparisons were reported to the foregoing, it
L ) Y A

may be heipful to presént an overview that will enable the reader to see |
v > '

-

. the resuits at a glance. We do this in two ways. -First, Figure 2 shows;

. . L
* in a\;ccndir}g order, the sevdral group means on Coop Algebra, adjusted
3 * . : .

N o
. , c , X > . N . 4
by a regression equation based un the entirc sample {experimental and 4
.f ) vA' S . . . N - ‘ .
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Figure 2. Adjnsted Coop Algebra means for five experirnental .
+
- LR W . N ,
! and two control groups (adjustments baségon regréssiom
I - . - = - e . — 4
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~ e equation for combined sample). ,
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. Note tnat Jche se means do not-agrece WIth"those reported
ea,rhefr in chffel ent group- bv-group comparlsons. This.is be- . -
cause the earlier ad_]ustments,were each based on a regress:on .

9quat1 apphcable to the partlcuiar pair of group§ being ( .
corhpaorkwhlle the present ad_)ustments aregased on the '

>,
-

" total sample. These adjusted means do hot-enter into' s1gn1-—

et flcanc’c tésts, but they give 2 rou% n.idea of what the relatlve
standmgs of the severai groups mlght have been if all groups _

had buiz Eompaxable in termc of DAT-VR and DAT~ '\IA means. .
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Second, we show ‘n Table 9 a hst of all the comparlsons betWeen var-
iQus grohps that were made. An inequality sign in this table indicates ‘
whether the adjﬁste& Goop-Algebra mean for the group@named on the left i

margin was significantly greater than (>), significafitly less than~(<), or

P
“‘ .
» e N
signifitantly different from (=) than that for the other group.
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